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II. T -MATRICES AT THRESHOLDS
The pseudoscalar mesons can be expressed as,
The leading order chiral Lagrangian of pseudoscalar mesons reads,
where B and B * are the doubly heavy baryon fields after heavy baryon reduction. The relativistic Lagrangian for doubly heavy baryon can be found in Ref. [37] . In Eq. (8) , v µ = (1, 0, 0, 0) is the baryon velocity. D µ = ∂ µ +Γ µ is the chiral covariant derivative. δ = M * −M is the mass splitting between spin- 
where a 1−4 and a 1−4 are the LECs for the spin- 
where the superscript "r.c" denote the recoil effect.
At O(p 3 ), many terms contribute to the scattering lengths [38] . In this work, we only keep the nonvanishing terms in the heavy diquark limit, 
The scattering length a φB can be derived from the Tmatrix at threshold,
The loop diagrams contributing to the scattering lengths at O(p 3 ) are shown in Fig. 1 . Since the spin-1 2 and spin- 3 2 doubly charmed baryons are degenerate in the heavy diquark limit, we include both of them as the intermediate states.
A. φBcc scattering
There are eleven isospin-independent scattering lengths for the φB cc . Some of them can be related to the others using the crossing symmetry. Only eight scattering lengths are independent. We list their analytical expressions of the threshold T -matrices order by order. The chiral orders are distinguished by the square bracket, which are labelled as superscripts. The analytical results without recoil effect read, order Lagrangian.
The nonvanishing loop diagrams are shown in Fig. ? ?. Since there is no vertex like B3B 6 φφ at the leading order, the charmed baryons in different representations do not appear in the diagrams (I) as intermediate states. But they appear in the diagrams (II) through the axial coupling. We calculate the loop diagrams with dimensional regularization and the modified minimal subtraction scheme. We use the LECs in Eq. (??) to cancel the divergence. At last we express the T -matrices in terms of f φ rather than f with the help of their relation in Refs. doubly charmed baryons.
where the functions V , W 1 and U 1 are defined in Appendix B. In order to get the concise expressions, we have used the Gell-Mann-Okubo relation, m
We define the A 0 and A 1 as
There are six independent LECs in Eq. (14),
The contribution from the recoil terms in Eqs. (10) and (12) reads,
With the eight independent T -matrices, the others can be obtained through crossing symmetry,
B. φB * cc scattering
The calculation of the φB * cc scattering lengths is very similar. The T -matrices without the recoil effect are obtained by making the replacements as follows,
with
The contribution of the recoil effect is obtained by making the replacements,
III. CHIRAL LAGRANGIAN WITH HEAVY DIQUARK-ANTIQUARK SYMMETRY
In the analytical expressions of the T -matrices in Sec. II, there are eleven unknown LECs, g 1−3 , A 0,1 , A 0,1 , a 1 , a 1 ,κ andκ . In the heavy diquark limit, the LECs associated with B cc can be related to those of B * cc . Moreover, the HDA symmetry can relate the LECs associated with doubly charmed baryons to those of D ( * ) mesons, which have been determined in Refs. [29, 30] .
In the follwing, we extend the formalism of the heavy quark symmetry [36] to the doubly heavy systems. The doubly charmed baryons in the heavy diquark limit can be expressed as
where u l is the spinor of the light quark. A µ h is the heavy diquark. The light and heavy components satisfy that
We can construct the superfield and its conjugation,
The construction details are given in Appendix A. One notices that the superfield for doubly charmed baryons with the heavy diquark symmetry have the same form as that of singly charmed sextet baryons [36, 39] . However, they contain the different constituents. The superfield of singly heavy baryon can be represented as
Thus, for the singly charmed baryons, the Lagrangian with heavy quark spin symmetry should have the form The heavy quark symmetry constrains that Γ h should not flip the spin of the heavy quark. For the doubly charmed baryon,
The heavy diquark symmetry has no constraint on Γ l , but the G hµν should not change the polarization of the heavy diquark. Thus, the Lagrangian with the form ψ µ cc ψ ccµ ∼ A * µ h A hµ guarantees the heavy diquark symmetry. With the superfield ψ µ (we omit the subscript "cc" in the following), we can construct the Lagrangian with the heavy diquark symmetry and relate the LECs for spin- ones.
Since the doubly charmed baryons (ccq) and singly charmed antimesons (cq) have the same light degree of freedom, they respond to the chiral transformation in the same way. With the HDA symmetry, their LECs can be related to each other. We notice that the superfield H was introduced in Refs. [29, 30, 36] to denote the D and D * mesons in the heavy quark limit,
(27) In the heavy quark limit, the field P or P * µ only contains the operator annihilating a meson with c quark. They can not creat an antimeson withc quark. In order to describe the (cq) type antimesons, theH is defined by [40] 
where C = iγ 2 γ 0 . The details about charge conjugation of the field operators and building blocks are given in Appendix A. Thus the explicit form ofH and its conjugation read
The H andH can be represented by their quark components as
The general Lagrangian for theH can be written as
where ... denotes the trace of the spinor indices. The heavy quark spin symmetry has constraint on the Γ h but not on the Γ l .
In the heavy quark (diquark) symmetry, the heavy quark (diquark) can be regard as the spectator. Thus, G hµν = g µν in Eq. (26) and Γ h = 1 in Eq. (31) . In the HDA symmetry, the light degrees of freedom in Eqs. (26) and (31) have the same dynamics. Thus, the Γ l s in Eqs. (26) and (31) are the same. Here we choose the proper normalization of fields to make the Lagrangians for doubly charmed baryons and charmed antimesons share the same LECs. We write the charge conjugation of heavy meson Lagrangians in Refs. [29, 30] first. The Lagrangians of doubly charmed baryons in the HDA symmetry are followed,
Comparing these Lagrangians with those in Eqs. (8) and (9), we get the relations among these LECs,
IV. NUMERICAL RESULTS AND DISCUSSIONS
With the heavy quark symmetry, heavy diquark symmety and HDA symmetry, the scattering lengths of the φB ( * ) cc and φD ( * ) have very simple relations. In the heavy quark symmetry, the masses splitting between D and D * vanishes. In the heavy diquark limit, the B cc and B * cc are also degenerate states and recoil effect vanishes. In these limits, we compare our analytical results with those in Refs. [29, 30] ,
where the relations in Eq. (40) are manifestation of the charge conjugation invariance. Their scattering lengths are related as,
With the HDA symmety, the heavy quark in the heavy meson and the heavy diquark in the doubly charmed baryon are both spectators. The light pseudoscalar mesons only interact with the light quark. Thus, their scattering lengths as physical observables are the same.
In the calculation of scattering lengths of φD, the DDφ vertices are forbidden since the parity and angular momentum conservation. Thus, the loop diagrams with intermediate D mesons vanish. However, in the calculation of other scattering lengths, the doublet in the heavy quark (diquark) limit should both be considered as the intermediate states.
In the following, we will use the LECs of the φD
scattering in Refs. [29, 30] to perform numerical analysis. The hadrons masses and the decay constants involved are as follows [41, 42] ,
Since only the Ξ ++ cc has been observed in experiment, the masses of other doubly charmed baryons are obtained from the relativistic quark model [41] . We use the λ = 4πF π . The c 1 is obtained from the mass splitting bwteem heavy mesons,
(43) The axial coupling constants g = 0.59 was determined from the decay width of D * + [43] . The g 1−3 can be related to the g.
With the g coupling constant, we can calculate the numerical results of the recoil effect, which are given in Table I . One can see that the recoil effect is extremely small. In the following calculation, we neglect the recoil effect. The mass splitting δ only occurs at the O(p 3 ) loop diagrams. In Table II , we present the numerical results of the O(p 3 ) loop diagrams for δ = 150 MeV and δ = 0 MeV, respectively. One can see that the effect of the mass splitting is not significant. In the following calculation, we fix δ = 150 MeV.
We use two scenarioes to determine the other LECs. In the first scenario, three unknown LECs, C 0 , C 1 and κ are determined by fitting the lattice QCD results of the φD scattering lengths. In Ref. [30] , the authors adopted the preliminary lattice QCD simulation results [44] . We update the fitting with the new lattice QCD reults [34] . We choose the a 
The updated results of the φD scattering are given in Table III . The T -matrices and scattering lengths of the φB cc and φB * cc are listed in Table IV . In Ref. [30] , the φD * scattering lengths are investigated. The LECs are obtained using the resonance saturation model. The resonances such as the scalar singlet σ(600), scalar octet, κ(800), a 0 (980), f 0 (980) and the D s1 (2460) are used to estimate the φφD * D * vertex at threshold. In the second scenario, we use these LECs in Ref. [30] directly,
The T -matrices and scattering lengths are listed in Table V.
In both scenarios, the φB cc scattering lengths are almost the same as those for φB * cc channels. Their difference only arises from the mass splitting in the loop diagram, which has been shown to be small. In the most channels, the two scenarios give the similar results, at least with the same sign, except the a (1) channel vanishes. The uncertainty of LECs at the next-to-leading order gives rise to the different results in two scenarios. This issue can be clarified if more precise experiment or lattice QCD results appear.
In our convention, the positive (negative) sign of the scattering length indicates the interaction for this channel is attractive (repulsive). One notice that the interactions for [πΞ In Ref. [18] , the author adopted the chiral unitary approach for the φB cc system. One bound states below the [KΞ cc ] (0) threshold and two resonant structures in the
(1/2) coupled-channel scattering were found, which are consistent with our calculation.
V. CONCLUSION
In this work, we adopt the heavy baryon chiral perturbation theory (HBChPT) to calculate the scattering lengths of the φB ( * ) cc to the O(p 3 ). The analytical expressions are presented with the mass splitting between B cc and B * cc and the recoil effect. In order to obtain the numerical results, we use the heavy diquark-antiquark (HDA) symmetry to relate the B ( * ) cc to D ( * ) . With the HDA symmetry, we construct the Lagrangians with the help of superfields. We use the LECs of φD ( * ) scattering in Refs. [29] and [30] as two scenarios, respectively. The LECs of the φD scattering in [29] are obtained by fitting the lattice QCD results. In the first scenario, we update TABLE I. The recoil correction to the T -martices. The superscript denotes the isospin of this channel. TABLE III. The T -matices and scattering lengths of the φD scattering (in units of fm), which are updated results in Ref. [29] . The superscript " †" denotes the input from the lattice QCD results. the φD scattering lengths with the new lattice QCD input and give the numerical results in doubly charmed sector. In the second scenario, we use the LECs estimated with resonance saturation model in Ref. [30] .
We calculate the recoil effect and the mass splitting effect numerically. These two effects are less important. Our final numerical results of scattering lengths in two scenarios are consistent with each other. The interactions for the [πΞ A by-product of this work is our constraction of the chiral Lagrangians with HDA symmety. Unlike the Lagrangians in Ref. [21] , we adopt the four component spinors in our construction, which ensure the Lagrangians formally covariant. It is very convenient to extend our approach to other much more complicated chiral Lagrangians with HDA symmetry.
